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ABSTRACT 


The  purpose  was  to  determine,  by  photographic  means,  the  modes  by  which  energy  is 
propagated  and  dissipated  from  nuclear  explosions  at  very  high  attitudes.  A  coroilar>’ 
objective  was  to  document  all  visible  a^cts  of  the  detonations  for  later  analysis  of  any 
unfereseen  phenomena. 

The  project  snalysf”  films  from  Shots  Yucca,  Teak,  and  Orange.  Film  records  ana¬ 
lyzed  included  70-mm  streak  records  for  very  early  fireball  growth,  35-mm  high¬ 
speed  records  for  dismctcr-Ume  relationships  tg>  to  2,000  msec,  and  slow-speed  .15-  and 
70-mm  records  for  late  diameter-time  data.  The  films  were  taken  from  cameras  aboard 
two  RB-36  aircraft. 

Shot  Yucca  had  an  af^roximate  initial  diameter  of  40  meters  at  approvinuteiy  0.13 
msec  and  could  be  measured  to  a  diameter  of  about  640  meters  at  1. 5  seconds.  $h«H 
Orange  bad  an  initial  ob.cerved  diameter  cf  approximately  1.7  km  and  reached  a  diameter 
of  20  km  at  30.5  seconds. 

Shot  Teak  was  a  mulUpbenomena  event.  .At  early  times,  the  configuration  of  the  ra¬ 
diation  phase  was  egg  shaped.  As  time  passeii.  Sc. -eral  shocklike  phases  bee  .'  -lie- 
cemible.  The  major  vertical  and  major  horizontal  measurements  of  each  of  ■  ■  sc  p.bases 
computed. 

b>:cauee  of  the  uncertalntieaf  Involved  in  scaling  for  high-altitude  bursts,  no  attempt 
wa»  -lade  to  calculate  yields. 
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FOREWORD 


This  report  presents  the  final  results  of  one  of  the  projects  participating  in  the  military- 
effect  programs  of  Operation  Hardtack.  Overall  information  about  this  and  the  other 
military-effect  projects  csa  be  obtained  from  ITR— 1660,  the  "Summary  Report  of  the 
Commander,  Task  Unit  .3."  This  technical  summary  includes:  (1)  tables  listing  each 
detonation  with  its  yield.  oe,  environment,  meteorological  conditions,  etc.;  (2)  map>; 
showing  shot  loca'icns;  (3)  discussions  of  results  by  progt^ms;  (4)  summaries  of  objec¬ 
tives,  procedires,  results,  etc.,  for  all  projects;  and  (5)  a  listing  of  project  reports  for 
the  military-effect  programs. 
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Chapter  I 


1.1  OBJtCTIYCi! 

The  pirfum  to  .‘i*‘t«rtn»ar.  trf  pN}ic(#ri;>ise  -■nvons.  the-  csodee  tw  sMcRerferfv  ;c 
protjayaterf  Siw;  Jlfjtp*tc<>  Irora  r^sctear  c»plo£io;js  it  .^,rv  sigh  cStttw^i.  A  corclhr*. 
cbjcctive  a-a*  to  doctMMni  all  vUihie  asec-etis  c£  tbt  fos  .Uter  saalfcis  oi 

unforeseen  pbencmesa. 

1.2  fiACKGHOUND  AND  THEORY 

rligh-apeed  pliOto(rephv  Icw-atSltele  tfetiRnstisaja,  -iartag  man?  oS»ratl5e*.  to* 
thc-wTi  that  the  initLi!  propogatioo  of  eaergjr  frsor  z  osctesr  eqsicatcii  is  S^-  t ;  .i» 

transport  {radiative  pha£«},  which  is  overtaken  to  »  ssaUer  teas  of  atiCfT  hy 

h.v<!ro<}yi«iaic  {nrebaJI)  transport.  Restdts  freas  Shot  S$  dorlrsg  Cperaties  '  »f<st  fsl 
I  •  ut  M.AOO  feet)  shr.w  that  the  radiative  pha...  pc.  sitaed  for  a  tiise 

He  t  *as  the  case  far  s  similar  Jenr-aiiiiaflt  {Rafcreittfe  i).  Tte-  parHtroc  cf  seerfv 
IK  evn  shack  ?'•■!  rodistion  changes  sSigbely  at  apprmtsss^lj'  leet;  teerrver.  e 

ira:*  ittlcas  rhango  was  ;n  be  exptd*^  at  extrecae  a!CiU»iSca-  Tssese  pi«n&«cs*  acsf  theo¬ 
retical  coBsitierAtioeM:  are  discassed  ic  Reference  2.  if.  1954,  prior  to  •'5per»Uoe 

Te^HWt. 

The  attgnualios  of  radiatlca  c4  verj-  short  stavelfTC"  {»*>»$  iSin  J.r©5  is 

complete  within  a  .few  ceatitneiers  at  sea  level;  fcorever;  at  lEC.C'flC  f«t  -kece 
radiations  'irzfz  expected  to  jwnetraU  ieverai  tsndrrrf  teeters.  •»  >s£  pjwwsisied  ttet 
Uk  eetire  c-teigy  release  migfct  be  radiated  wdtlipai  isrxis^  flrdsaii. 
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Chapter  2 


’’ROCEDURE 


2.1  SHOT  PARTICIPATION 

This  project  participated  U.  .'hots  Yucca,  Teak,  and  Orange. 

All  times  given  in  this  section  have  been  corrected  for  WWVH  transit  time. 

Yucca,  a  nomimtl  1.7-kt  device,  was  detonated  on  28  April  1953  at  local  time 
1440:00.256  ±  2  msec  (Greenwich  Mean  Time  0240:00.256  ±  2  msec,  28  Aoril  1958).  The 
device  was  suspended  from  a  balloon  at  an  altitude  of  84,683  feet  above  sea  level  (pg  = 

3.5  X  10"*  gm/cm*)  (Reference  3),  and  was  detonated  at  a  location  between  Eni''’'‘tok  and 
Bikini  Atolls  in  the  Eniwetok  Proving  Ground. 

Teak,  a  nominal  3.8-Mt  device,  was  detonated  on  31  July  1958  at  local  time 
2350:05. 598  i  1  msec  (GMT  1050:05.  598  *■  1  msec,  1  August  1958).  The  device  was 
carried  northwest  of  the  launching  pad,  to  a  firing  altitude  of  250,374  feet  (pg  ==  3.4  x  lo"* 
gm/cm*)  (References  3  and  4)  by  a  Redstone  missile  launched  from  Johnston  Island. 

Oranec,  also  a  nominal  3.8~Mt  device,  was  detonated  in  the  same  manner  as  Tea.  ,  on 
11  '  .gu.s.  <Sb  at  local  time  2330:98.605  ±  1  msec  (GMT  1030:08.605  i  1  msec,  12A  .'.ist 
1  j6).  The  burst  occurred  southwest  of  the  Johnston  Island  launching  pad  at  an  altituae 
•  141,009  et  (pg  =  3.2  X  TO"*  gm/cm*)  (References  3  and  4). 

2.2  PHOTOGRAPHIC  COVERAGE 

Photographic  coverage  for  all  events  was  supplied  by  cameras  mounted  in  two  RB-36 
aircraft  flying  at  altitudes  of  approximately  37,000  feet  for  Yucca,  and  30,500  feet  for 
Teak  and  Orange.  Positioning  data  for  the  participating  aircraft  is  given  in  Table  2.1. 
Additional  cameras  were  located  on  the  USS  Boxer  for  Yucca  and  on  Johnston  Island  for 
Teak  and  Orange. 

The  primary  high-speed  photography  was  accomplished  by  means  of  streak  earner  ts, 
which  utilized  70-mm  Qlm  to  provide  a  wide  Held  of  view.  The  purpose  of  this  type  cam¬ 
era  was  to  produce  a  film  on  which  was  recorded  the  envelope  of  the  expanding  phenome¬ 
na.  To  accommodate  possible  errors  in  aiming  and/or  burst  p.  'i'.ion,  the  cameras  wore 
operated  'Adthout  a  slit.  At  a  nominal  film  speed  of  20  ft/sec,  the  cameras,  operating 
with  a  slit,  would  be  capable  of  resolving  a  few  micro'reconds;  and  without  a  slit,  better 
than  a  hundred  microseconds.  With  a  6-inch  lens,  the  spatial  resolution  Is  a  fow  meters. 

Three  streak  cameras  were  used  in  each  aircraft — two  mounted  to  recr-rt  he  verti¬ 
cal  growth  of  the  fireball,  and  one  mounted  to  record  Its  horizontal  grourtb.  Because  the 
exposure  was  relatively  unpredictable,  the  cameras  were  filtered  to  respond  to  different 
light  levels. 

One  streak  camera  on  the  USS  Boxer  for  Yucca  and  one  on  Johnston  Island  for  Teak 
and  Orange  were  equipped  with  longer  lenses  so  that  a  record  of  the  envelope  of  horizen- 
tal  growth  could  be  obtained  in  the  absence  of  cloud  cr.var. 
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other  cameras  used  included  the  following;  35-mm  Fastax  (2,000  frames/sec) — fire¬ 
ball  photography;  35-mm  Mitchell  (24  frames/sec) — fireball  photography;  70-mrn  llulcher 
(Edgerton,  Germeshausen  &  Grier  modified)  cloud  '’4  frame/sec) — later  stages  of  cloud 
formation;  70-mm  Maurer  (3%  frameb/fac) — later  stages  of  cloud  formation; and  16-mm 
gun  sight  aiming  poim  (64  frames/sec) — di.‘  'ribution  of  light  over  the  sky  (employed 
ultra-wide-angle  lenses)  and  documentary  (both  color  and  black  and  white). 

Timing  signals  at  each  station  activated  the  cameras  and  control  equipment.  Upon  re¬ 
ceipt  of  the  time  signal,  operation  of  each  station  was  automatic. 

2.3  FILM  READING  AND  DATA  REDUCTION 

The  35-mm  films  were  measured  on  a  Hauser  profile-measuring  microscope  equipped 
with  an  Edgerton,  Germeshausen  &  Grier  (EG&G)  fireball  image  reading  device.  The 
70-mm  streak  records  on  Yucca  and  Orange  were  read  on  a  Mann  (^tical  comparator, 
and  the  Teak  streak  records  were  read  using  a  Bu'isch  Citd  Lomb  magnifier  and  a  finely 
si-.ibed  lOO-micron  scale. 

The  data  was  processed  on  the  Burroughs  E-102  digital  computer. 

Zero  time  for  the  Yucca  and  Orange  streak  records  was  established  as  the  center  u. 
the  circle  that  made  the  best  fit  to  the  head  of  each  trace.  On  Teak,  the  onvelope  was 
less  opaque,  and  streak  aero  times  were  measured  at  the  tip  of  the  well-defined  inner 
envelope  (Figure  4.25). 

Zero  times  for  the  35-  and  70-mm  framing  records  were  determined  by  r  ■  arisen 
with  early  diameter  measurements  taken  from  the  streak  records. 

Sample  camera  data  and  calculation  sheets  are  contained  in  Appendix  A. 


2  ;  DETERMINATION  OF  MAGNIFICATION  FACTOR 

1 airborne  camera.**  were  mounted  perpendicular  to  the  longitudinal  axis  of  the  air¬ 
craft  and  elevated  to  the  angles  indicated  in  the  photo  plan  sheets  for  the  various  shots 
(see  appendixes). 

To  determine  a  magnification  factor  for  relating  film  dimensions  to  object  size,  the 
distance  was  calculated  along  the  optical  axis  of  each  camera  to  the  point  in  ^ace  where 
the  axis  intercepted,  at  •'igbt  angles,  the  plane  containing  the  burst.  By  measurement 
on  the  film  of  the  horizontal  and  vertical  displacements  of  the  image  from  the  center  c' 
*he  frame,  the  angles  between  the  optical  axis  of  the  camera  lens  and  the  sla.  t  nmge  to 
burst  were  obtained.  Because  the  rate  of  rise  of  each  of  the  detonations  wots  unknown  at 
tne  time  of  analysis  and  was  beyond  the  scope  of  the  analysis  effort,  no  attempt  was 
.made  to  correct  the  measurements  for  viewing  geometry.  It  is  hoped  that  future  analy¬ 
sis  nill  yield  enough  information  to  enable  a  correction  ol  ot  values. 

The  true  range  (R^^)  along  the  optical  axis,  to  be  used  in  determining  the  magnifica¬ 
tion  factor,  was  then  calculated  as  follows; 

=  d,  cos  a  cos  ♦  (h5  -  hp)  'jin  p 
ttljere;  dj  =  horizontal  distance — camera  to  burst 
13  -  camera  elevation  from  horizoatal 

a  =  angle  between  Ry,  and  slant  range  In  horizontal  or  ground  projection 
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hjj  =  height  of  burst 
hg  =  height  of  camera 

Figure  2.1  is  a  spatial  presentatiun  of  the  rar.g(!  the  optical  .ixi 


TABLE  2.1  POSmONING  DAT.* 


Location 

Coordinates 

A!*'tude 

Dtaunce, 

Aircrait  ui  Hurst 

N 

E 

HnrizonUi 

Slant  Range 

Shot  Yucca 

ft 

Air  zero 

<Ci948* 

364042* 

84,683 

e— 

4—. 

RB-36,  13748  (SUUoo  830.01) 

426SS2‘ 

337621* 

36,000 

70S30 

8.5692 

RB-36,  13750  (SUtion  830.02) 

493T4T* 

299340* 

37,000 

63058 

80686 

Shot  Teak 

Air  zero 

’03t«1 

1548717 

loe.sv : 

— 

— 

Launch  pad 

00407 

2003607 

••C 

— 

e<-  •  ihnator.  '..land 

joiaot 

1978557 

~0 

— 

- 

.HB-3c.  IS^AS  (SUtion  830.011 

SI2S5i 

184327 

390196 

44TSC- 

RB  •?<;,  13730  (SUUon  830.02) 

3»t 

3772787 

30,500 

393950 

450220 

Si. <il  O'",  te 

A*!*  Acrv 

«3t98T 

1980527 

141,009 

— 

— 

Launch  pad 

200040* 

2005807 

-0 

— 

<■  enter  Johniton  taUnd 

1991307 

1978587 

-0 

— 

— 

RO>36,  15748  (SUtion  830.01) 

4812487 

210587 

30,500 

434794 

448422 

RB-38,  15750  (SUtion  830.02) 

4816087 

3316487 

30,500 

4.39432 

453091 

*  Heferenced  to  Enlwtlok  coordinate  aystem. 
t  Referencvd  to  -JotuiPton  lalaod  coordinate  ayatem. 
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Figure  2.1  Derivation  of  range  along  the  opMcal  axis  (Bj/a)  for  off-axis  bursts. 
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Chapter  3 


SHOT  YUCCA:  CAMERA  INSTRUMENTATION,  ANALYSIS,  AND  RESULTS 


3.1  INSTRUMENTATION  AND  CAMERA  OPERATION 

Photographic  coverage  .:rebaH  growth  was  provided  by  cameras  mounted  in  two 
RB-36  aircraft  (Stations  830.01  and  830.02)  and  by  camera.s  mounted  on  the  USS  Boxer 
(SUtion  943). 

Streak  Camera  ti  (in  aircraft  Station  830.01)  jammed,  but  o.ll  other  .lirborne  cameras 
obtained  records  of  the  detonation.  Rain  clouds  partially  obscured  the  bur.st  from  the 
cameras  located  o.r:  the  USS  Boxer,  and  the  streak  camera  at  the  station  jar*,  -id:  thus, 
no  records  suitable  for  analysis  were  obtained  from  Station  943.  Aiialysis  for  Yucca  was 
accomplished  by  measurement  of  records  from  the  airborne  camera  stations. 

The  Yucca  photo  pkns  and  photo  loading  charts  are  contained  in  Apper>dix  B.  The  air¬ 
craft  positions  and  survey  data  are  presented  in  Figures  3.1  and  3.2. 

''iS''LTS 

The  Yi.cna  diameter-time  plot  is  shown  in  Figure  3.3.  Because  of  apparent  differences 
oclvvcr. e  curves  of  the  Yucca  streak  records,  they  are  plotted  separately  and  labeled 
witii  >li.-  -ji^'icn  number  and  the  density  value  of  the  camera  filter.  Neutral  density  (ND) 
filters  we!.;  used  on  the  streak  cameras  to  attenuate  the  light.  The  ND  filter  is  a  non- 
discriminating  filter  in  that  it  attenuates  the  light  by  a  fixed  percentage  over  the  visible 
spucti  uni.  ND  fillers  are  numbered  in  accordance  vith  the  percentage  of  light  they 
transmit,  e.g.,  an  ND-1  transmits  10  percent  of  the  incident  light,  while  an  ND-2  trans¬ 
mits  only  1  percent  of  the  incide.U  light.  Two  facts  are  readily  apparent  when  these 
ctirves  are  compared:  (1)  at  any  comparable  time,  the  diameter  values  of  the  records 
from  any  one  ctsiion  show  a  filter  depend, nee,  i.e.,  the  greater  Uie  filter  density,  the 
smaller  the  diameteii  and  (2)  there  is  poor  agreement  among  curves  plotted  from  'ac- 
ords  obtained  from  cameras  equipped  with  filters  of  the  same  density  value,  e.g.,  the 
streak  curve  from  the  Station  830.01  camera  that  used  an  ND'4  filter  is  higher  at  any 
j!vrr.  ■Ir!'.'  than  the  curve  from  th.e  corresponding  camera  at  Station  830.02. 

The  d;ffrrs<ic~  jr.  image  density,  attributable  to  the  filtering,  is  demonstrated  when 
the  photographic  pi;u=5  of  Ut-  three  .streak  records  f-om  Station  830.01  are  compared 
{.Figures  3.10.  3.11,  and  3.12-  Taw  csni-nra  with  the  least  filtering,  ND-3,  produced  the 
nC5Vis.:t  *wag-3,  and  tie  camera  with  an  NO- 5  fiiier  s/-oduced  the  faintest  imago. 

The  use  if  niisrs  of  different  values  was  necessai  •  beoai‘?c  very  little  Informatic.'. 
was  availsbie  on  hlgh-alts  dejonations,  making  precalculations  ::!  cKperjed  iieht  in¬ 
tensity  unreliable.  The  filler  values  were  chosen  to  provide  an  exposure  variation  lh?t 
would  insure  adequate  coverage  over  a  wide  range  of  light  intensity. 

To  determine  the  nature  of  the  light  distribution  across  ihc  fircbsll.  mlcrophotomotric 
measurements  were  made  on  the  streak  records  foy  icnnning  across  each  streik,  ortliog- 
onai  to  the  time  axis).  Examination  of  these  results  showed  t'.iat  the  light  intensity  across 
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:^e  Kreb.'in  w^f  nortuniforiB,  rising  to  a  maximum  at  the  fireball  center.  Figure  3.4 
shows  ^  curve  of  relative  light  intensity  distribution  acro.ss  the  face  of  the  fireball.  Super¬ 
imposed  o.n  the  carve  arc  rectangles  represcntii'f.  the  niters  used  and  showing  I’-r-  rela- 
tit?  rar^c  oi  light  intensity  eneoinpass-id  by  ent  h  The  ND-3  “Iter  passes  the  widest 
-ar.ge  of  light  Intensities,  while  the  ND-5  .isses  the  narrow-est  range.  The  image  width 
and  consequently  the  calculated  diameter  ir-.  In  this  case,  dependent  upon  the  intensity 
range  of  the  filter. 

To  determine  the  cause  of  disagreement  among  the  curves  of  reco.’'ds  made  froui  cam¬ 
eras  using  similar  filters,  microphotoinetric  measurements  were  made  on  each  record 
at  0.8  msec  and  at  1.8  msec.  Comparison  of  micropbotomelrio  traces  of  two  records 
with  the  same  degree  >  f  filtering  and  cxposeci  at  the  same  time  showed  that  the  width  of 
the  streaks  was  th'*  same,  but  the  density  of  the  images  '.vis  matkedly  different.  The 
trace  with  the  liglue:  image,  when  magnified  on  the  optical  comparator,  was  much  more 
difficult  to  measure  because  of  poor  defirJtion  at  the  extremities.  In  all  cases  the  meas¬ 
urement  of  the  denser  Image  resulted  in  a  higher  ccilcjiatcd  diameter.  The  difference  in 
image  density  l.s  attributed  not  only  to  the  difficulty  in  defining  the  edge  of  a  gradualiv 
ctvtnging  density,  but  also  to  varistions  in  the  photographic  process!-".  The  condit- 
for  procc.ssing  70-mm  records  in  the  field  were  such  that  photosen.sitometrlc  conti  o'  wa.s 
difficult  tc  attain. 

An  NO-2  fitter  was  used  on  the  Fastax  camera  mounted  in  SLition  330.C2,  and  the  di¬ 
ameter  values  calculated  from  measurements  of  its  record  arc  greater  at  anv  given  time 
than  the  values  Calculated  from  measurement  of  the  least  heavily  filtered  s  .  record 
from  either  station.  This  fact  airports  the  observation  that  the  light  dislr  .ion  across 
the  face  of  the  fireball  Is  nonuniform  and  that  the  filter  denslt)-  value  affec,  'he  apparent 
i  :ge  Site  of  the  streak  records. 

At  approximately  20  msec,  .m  inner  core  becomes  discernible  on  the  film  records, 

.!!.  the  core  grows,  assuming  the  characteristic  toms-  or  duughnut-shapod  claud  approx- 
Kii-v  -ly  4.5  seconds  .ifl<--.-  aero  time. 

figures  3.5  through  3.12  show  the  fireball,  the  cloud  development,  arid  the  streak 
records. 
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Figure  3.S  Firei^I  at  approxitnstc!;  0-6  msec.  Stance  S30.02, 
ZS-mm  Fastax  FF  camera,  shc^  Yucca. 


Figure  3.6  Clotxl  develc^ment  at  approx- 
iDiatciy  S.O  setxjBds,  StaUext  630.02. 
70-mm  CiMid  Camera  ■5,  .Shot  Vacca. 


I,  I,  f  »  -I.  I.l.  I  t  t..l 

e  aM  4«c  aea  eee 


Figure  2.7  CIo(sd  doveSc^menl  at  aj^roxi 
mstciy  7-5  seconds.  Static^)  S30  02, 
70-mro  Cloud  Camera  -I,  Shot  Vacca. 


22 


SCCtET 


Figure  3.8  Clows  .ievelopment  at  approximai'ly  8.S  seconds, 
Sutlw)  830.02.  70-tnra  Cloud  Cansera  4,  Sbct  Yacoa. 


Figure  3.3  Cloud  development  at  approximately  iz.3  secotidK, 
Station  830.02,  70-mm  Cloud  Camera  e.  Shot  Yucca. 
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Figure  3.10  Streak  record.  Camera  3,  ND-3  filter  (soriacauiiy  raountcd), 
SUUos  830.01,  Shot  Yucca- 


Flgui-e  3.11  Streak  record.  Camera  2,  HD-^  filter  {boriioetatly  mouiited), 
Station  S3C.3i,  Slmt  Yucca. 


Figure  3.12  Streak  reosrd.  Camera  1,  KD-5  filter  (vertically  mountedl. 
Station  830.01.  SIkH  Yucca. 
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Chapter 


SHOT  TEAK:  CAMERA  INSTRUMENT AT£GN,  ASAL'^'Sl-S,  ASO  RESULTS 


4.1  'fiSTHyMEr-rTATlO.N  AND  CAMERA  OPERATION 

f^totogrzphJc  oi  Ihe  Teak  detcivitic-s  '*25  providec  Sy  cansera*  wcsstted  li 

I'uo  RB-36  ai.crACt  {SlattWis  320.01  aiscf  S2<i.02‘.  and  by  cstr.era*  uKain'jrt  £=  a  6  -  6  truck 
eft  JoSsioton  Isistad  tStKticr.  Sjlj  (.IciSftslot'  coordiEite  s;.  Jten;;-  T2i«  pbevs  aUns 

sod  ioaCing  charts  are  roritalfte.;  in  .Appcfidla  C-  The  as.-crafi  potsiUoa*  assJ  ssrv«._. 

data  are  presct.Acd  Is  Figtiree  4.i  3ssi  4.X.  Ail  operstec  s^rteallj  except  the 

SS'Ctro  Faitar  as  Ssaii^*!!  333.03 

The  streak  famers  recostic  ir.tm  ShM  Vecca  shorxec  Uvst  Che  HO  Oiler  vaNres  t-sed  j.-» 
tbi  eareeraa  (ND-a,  NO— t,  saa  Kli  Si  "crs  too  hiah  lor  tljc  isgrt"  isimuzy  iev»is  o:  ti« 
detoTriUoa.  coasic^ectW-  ibe  ftltc:  values  ‘^tre  rctfsced  (SO-i,  ND-3.  *sd  SD-S>  for  ire 
three  streak  carntras  at  e«i&  suum:  recordi.'ij  Cfce  l  eak  a.’id  Oraa^c  ereKS.  S"'  ak  \.i~,  - 
errs  *.‘re  avooated,  as  lor  lacca.  w  recerc  h.ur.  vrinr  vertical  tad  horiastitsi  •  ifc 
prrau#<  the  dexlca-cirryir®  jai.vj!le  djd  not  foltovs  Ac  plattcos  t-eerw.  tb  -ustaisis-. 

t  uoiside  the  Gct<5  cf  rte’v  of  »it  dchnstoo  isUted  cameras,  eacej^  slas,  oemrans 
eras  utsh  vet;  vide  fitlds  ot  vjev,  thus,  sKi  data  suiuAk;  far  earJy-ticve  aeslyst*  etc 
ta.'  frost  :?»:  Joe.-.stca  Cslastd  »steraa  Kortaivwtit)-,  Chs  b^rst  die  taiae  pJatc  vtciaft 
ih:  :.  ds  of  vtew  of  s!l  of  sac  CAmcmt  lo  both  aircraft. 


4.2  RESULTS 

The  phecoascaa  rccttrtlca  sfcrc^a  the  Tsak  sho»  vere  aicch  aifrtfressfrosUosocfcise.rved 
o.t  A.ty  ether  For  the  pvt^y's^o  of  this  rejssrt.  tbc«  dtisecaiottai  phe¬ 

nomena  have  bts'o  aseigsed  oesi£jnaic*r*  0-.  O,,  0%,  «rd  sc  ‘Cftb. 

At  carfy  limi.'S,  0»e  fireiiciS  -aas  approximaiciy  egg-shapeu,  tserc-g  syaissctr-ra!  a&c.;; 
Ibe  vertical  wds  s/«d  asytafnetricai  in  the  terti-.-ai  -lirretiofs.  Ai  I  msec,  taa  >axic»si 
vr  Ticai  nteayuresoeni  o-l  the  rasiauw  pnase  Di  (Fajure  4-9)  «»  approaieraccir  »d  Km, 
aisl  Use  maxtipiirr.  rr-riscrtai  lamraremc-tt  a*s  apcrcJilsialeiy  13  Rsa  I'er  vcfijcai  atyEr.- 
mclrv  i#  Se-fiewv  to  tavt  bees  caofed  hj  She  vtriaycr.  '-n-sMy  *-rro*£  She  sirebaj 

At  a«  a'ltitodc  of  250,000  feel,  the  loser  eir  density  at  the  inp  of  th^r  teirel  provides  a 
longer  nr.eae-frec  path  for  earl.*  radiitCice..  resu'tsi^  .3  jy:  cgg-«ha;«d  s«s:i^rss:-'sst.  Ik 
cause  ol  the  aAytr.csoIry  of  she  firssai:,  TCeas'iTr  escats  -.ore  taken  al^c  bcih  the  nufar 
horieoctai  and  ssaicr  vertical  dSaniotcre.  The  diaasetcr-tiaic  pld*  ar^-  riyrsr  :=  rTfitirci 

4.3  arid  4.4  Lirjcar  plots  of  iesth  horitcr.iai  diasneter  an-i  vorlic*:  a«^tcr  •  orws  late 
sSmes  are  t.hc»ej  la  Figures  4.5  and  4.£.  As  os  Sls  ease  of  si*  Yucca  aiaasoter  versus 
ilase  plots,  vherever  tbsrt!  l*  tiapc-runt  oieigrecrsisos  aet-aj  slnsai  cs»/nctcr  .-ssU. 
curve*  have  beet  pl.-scterf  sejiarately  erid  Ubolod  sccordi.og  la  stauc^  fcsi  ft-lef  o-;na>-r 

D,  is  a  sbcciclike  pftesorcesen  vs-flfcle  al  early  times  (f  igufe  4.9).  At  as^sroitmaiely 
900  msec,  the  light  Intensity  of  this  phase  has  fc.lTii  off  it  sixft  a  l!»l  tu'thsr 
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im-a&uix-meiUS  on  thu  film  rocord  arc  impossible.  The  phenomenon  Uesignatecl  Dj  appears 
to  be  a  strong  radiation  phase  brighter  ihatn  Dp,  but  much  less  intense  than  U2  (Figure 
d.9).  D2  is  a  high  light-intensity  phase  whose  light  level  drop.-  below  the  threshold  nec¬ 
essary  for  good  film  •■e ution  appro'.imately  1  secono  alter  zerc  time. 

Another  shocklike  front  moves  up  the  radiative  phase  of  the  burst  (Figure  4.12).  This 
front  was  not  measured,  because  there  does  not .  ‘ppear  to  be  any  satisfactory  measure¬ 
ment  reference  point. 

The  designator  Dj  refers  to  that  phase  of  the  detonation  that  appears  in  the  sti  cak  rec¬ 
ords  as  a  wedge  (Figure  4.25)  and  in  the  framing  camera  records  as  a  bidght  shock  (Fig¬ 
ure  4.12).  The  D3  phase  grows  rapidly,  and  approximately  900  msec  after  zero  time,  a 
bright  core  (D5)  is  discernible  in  the  records  (Figure  4.12).  This  core  has  the  .ipparent 
I  elliptical  shape  that  the  viewing  geometry  would  be  expected  to  Induce  on  the  bomb-debris 

torus. 

-About  3  reconds  after  zero,  a  shockli.ke  front  (D4)  grows  from  the  core  (Figure  4.13). 
This  phase  can  be  measured,  in  the  vertical  direction  only,  to  approximately  8  seconds, 
after  which  time  ibe  light  intensity  drops  sufficiently  to  preclude  further  measurement. 

The  linear  plot  of  horizontal  diameter  versus  late  time  (Figure  4.5)  shows  an  apparent 
disagreement  between  D5  values  from  Mitchell  (35-mm)  and  Maurer  (TO-nu.i;  films.  The 
differences  are  probably  due  to  the  degree  of  personal  judgment  required  In  reading  the 
larger  and  less  well-defined  images  of  the  70-mm  Maurer  recoixls. 

Approximately  7  seconds  after  zero,  a  luminescent  phenomena  rises  from  the  bottom 
of  the  radiation  envelope  (Figures  4.15  and  4.16). 

A  strong  aurora  first  becomes  apparent  in  the  photographs  .approximately  50  rr 
after  zero  (Figure  4,16). 

:nph:c  prints  showing  phenomena  growth  are  shown  in  Figures  4.7  throug-  1.23. 
evcral  print?  (Figures  4.7  and  4.9)  show  bright  spots  below  the  burst;  these  arc  internal 
c.amoi.''  flections  and  are  not  functions  of  the  burst. 

■iliv.:;.  ncord.s  are  shown  in  Figures  4.23  through  4.26.  Density  variations  across  tho 
streak  im-.  ;e  arc  apparent  on  some  prints  (Figures  4.20  and  4.26).  These  variations  are 
attributed  to  the  phologr.iphic  processing  techniques  employed.  Because  of  inadequate 
fi-"''  '■■icilitsos,  processing  under  strict  photo  sensiiometrlc  control  was  not  possible. 
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Figure  4.*  .•\ircrafl  positions  relative  to  burst,  Shot  Teak. 


37 


SECRET 


«is  Z9  viVO  AjAuns 


'itfuro  4.2 


lO  10  ICO  1000  (OCOO 

Tmt  ‘^Mc) 

Figure  4.3  Horizontal  dtiwnetar-tiine  plot,  Shot  TeaV. 
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Fig'Jie  4.5  Horizontai  dlaTJetcr  vcriius  late  time,  Sliot  Teak. 
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Fig'jre  4.15  FlrsNd!  at  7.S5  tccoads.  Station  630-01, 
70-ssn  Maurer  M-%  caesera.  5bot  Teak. 
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KljCuro  4.17  Flrobull  «l  19. 8£  iioconds,  Station  ftSO."’..  Fl({uro  '1.18  Flrohall  at  approxltr  uU'ly  3  sucoml.s, 

70-.'nni  Maurvr  M--I  cnniora,  Srioi  Toak.  ''  .lion  831,  70-mm  Hulohor  M-l'>  t-nmeni.  Shot  Toak. 
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FiKurm  4->l»  Flratall  «t  JipjifoxluiftiHlv  4  ihhioimU,  Fljiiii*’  >l  Fliiilwll  :tt  uii|>n>xlinjitclv  &  KH-otuK. 

U>-mm  Mule  wr  H-IO  i-aiiiwtu,  Shot  Tvak  KUll.in  I'.'.l  70  fr.m  Mulch.ii  tl  - 1  (i  i  ameiH.  1.  -i!  V 
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Figure  4.21  Fireball  at  approximately  6  seconds.  Figure  4..;2  Fireball  at  approximately  7  seconds, 

Station  831,  70-mm  Hulcher  H-10  camera.  Shot  Teak.  Station  831,  70-mm  hulcl.e’’  H-10  camera.  Shot  Teak. 


streak  record,  '  -  "treak-STft- 

1  (horizontally  inoiin'  ,  Shot  Teak. 


chapter  5 

SHOT  OHANC-E:  CAMEHA  INSTHUMENTATION.  ANALYSIS.  ANU  KESCLTS 


n.l  lNSTnUMENTAT:ON  AND  CAMERA  OPERATUtN 

Tb<‘  '-amora  for  Orao^'t  were  the  same  as  for  Teak.  .AM  cameras  functioneo 

properly,  but  clouu  tover  prevented  the  cameras  at  .Jolmston  Island  fron.  obtaining  usable 
re''ords,  thus,  analysis  of  the  Orange  fireball  growth  was  restricted  to  the  records  from 
the  aircraft  stations.  T.he  aircraft  positions  an.:  sev.-y  data  are  presented  in  figure*- 
and  .‘>.2.  The  photo  pians  and  photo  leading  charts  arc  contained  in  App  “Jix  D 


RESULTS 


The  diameter  versus  time  plot  for  Orange  is  presented  in  figure  3.3.  VS  here  disagree¬ 
ment  in  streak  record  curves  is  significant,  each  curve  is  plotted  sepaiatcK  and  labeled 
with  station  numbei  and  filter  rating.  Microphrtnmetric  measurements  ol  •  .pe  made 
at!  ih*  Yucca  streak  records  show  that  the  disagreement  among  records  is  .Diiiabte  to 
t'i.  tiitei  s  employed  and  the  methoti  of  photographic  processing  u-sed.  Agr  aent  among 
.  •  eras  from  cameras  using  filters  of  the  sa  ne  value  was  much  better  than  lo  the  c.ifi, 

'It  Y  wca,  probably  because  of  the  higher  light-intensity  levels  of  the  Orange  detonation, 

,  bccau.se  lh<  fiJters  u.seil  on  the  Orange  cameras  were  of  lower  den.sity  valies  than 
tho-'  chosen  for  Yucca-  Enough  light  passed  the  fillers  ‘  present  an  image  that  was 
easily  ineasiireil  de-'^pife  image  density  differences  introduced  by  field-proct-ssing  tech¬ 
niques  used  on  the  streak  records. 

The  Orange  fireball  exhibits  vertical  asymmetries  at  early  limes  similar  to  those  no¬ 
ticed  on  the  Teak  records  (figure  5.6).  but  by  250  msec  the  configuration  of  the  fireball 
image  is  csscitially  circular.  .At  the  luwei  altitude  of  the  Orange  detonaiiori.  the  diller- 
ential  in  air  density  between  the  top  and  bottom  of  the  fireball  is  much  less  than  that  i\,. 
Shot  Teak,  so  the  asymmetry  is  not  as  pi  enounced  or  as  persistent  as  wa'  p  ited  during 
Teak. 

I  he  emulsion  of  each  of  the  first  three  frames  of  the  24  frames/sec  Mitchell  camera 
records  was  burned,  and  the  fourth  frame  had  a  solariacJ  <mage,  giving  an  indicatson  of 
the  high  intensity  level  of  the  early  light  from  the  deional'''.-,.  ijiameters  calculated  irom 


***-*••”*•*-  •'*  — ••••...WO' 


at  comparable  times.  The  diameters  calcui-teJ  from  subsequent  frames  were  in  good 
agreement,  thus,  the  measurements  from  the  first  four  frames  of  each  Mitchell  record 
were  not  considered  representative  of  the  Orange  diameter-time  growth  and  were  ex- 
.'.juded  ficm  the  plot. 

At  approximately  20  msec,  a  core  is  discernible  on  the  .fS-mm  Fastix  record  This 
core  assumes  a  circular  shapt  \rigure  5.7)  and  rises  to  the  top  of  the  fireball,  where  it 
appears  to  rise  out  of  the  top  of  the  firebai:  envelope  (Figure  5.16).  A  large  luminescent 
halo  offpcl  starting  at  the  Iwltom  of  th'»  envelope  (Flgui-es  6.7  through  5.12)  appears 
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around  the  core  at  approximately  286  msec.  A.sthe  .-ore  rises,  the  halo  diameter  appears 
to  to  diminish  until  it  converges  into  the  core.  At  very  late  time.s,  the  bottom  of  the  en¬ 
velope  .‘ieems  to  rise,  creating  a  vorlexlike  appearance  fKiguri*  'j.l6). 

At  late  times,  an  am  ora,  less  pioiiou.cccd 'hf"  »K'it  associateo'  vi*h  Shot  Teak,  is  di.s- 
cernible  on  70-nnm  Orange  records. 

The  spot  which  appears  on  the  face  of  the  Ora'i,-,e  envelope  (Figure.s  5-10  through  5.12) 
is  discernible  in  photographs  taken  from  both  airborne  stations  and  has  the  proper  north¬ 
erly  orientation  to  indicate  a  possibie  association  with  the  vehicle  launched  at  Johnston 
Island. 

Inspection  of  the  aircraf*  records  of  the  Orange  debris  torus  shows  it  to  he  nearly  cir¬ 
cular  over  the  first  few  seconds. 

If  the  toroid  were  a-ssu-nod  to  he  circular  in  a  plane  parallel  to  the  surface  of  the 
earth,  as  the  Tc.ak  toroio  was,  the  Orange  toroid  snould  be  more  nearly  ellipti.al  than 
Teak’s  appeared  in  the  aircraft  records,  lieoause  the  elevation  angle  oi  Orange  above  the 
horizontal  is  half  that  of  Teak.  This  is  not  the  oa.se;  ir.  f  the  opposite  is  true.  (Com¬ 
pare  Figures  4.10,  4.11.  and  4.12  with  Figures  5.7,  5.8.  5.0,  5.12,  and  5.13).  This  would 
lead  to  the  assumption  that  the  Orange  torus  is  circular  in  a  plane  that  is  close  to  being 
perpendicular  to  tiie  surface  of  the  earth. 

Two  explanations  of  this  paradoxical  observation  are  offered.  (1)  The  orienPition  of -ht 
early  torus  might  be  a  function  of  the  axis  of  the  rnissiie  at  detonation  time,  although  this 
is  considered  highly  improbable.  Presumably,  the  Teak  missile  was  still  climbing  at 
detonatio.-i;  wherea.s  the  Orange  missile,  whose  track  was  some  20  nautical  miles  •  \ 

and  20  nautical  miles  up  from  its  launch  point,  might  have  detonated  at  aptgee.  I  i 

•his  difii  "ence  in  positions,  it  might  be  inferred  that  the  early  torus  was  propag?  in  a 

I  i.v  •  i.ogorial  to  the  track  axis.  (2)  The  roechar'sms  tliat  effect  the  rising  vortv...ng 
ictiur.  T-.-mon  to  all  bomb  debris  could  have  influcnccu  the  Teak  debris  at  much  e.irlicr 
l.r,  i;  it  influence'-!  the  Orange  debris.  This  inference  does  not,  however,  explain 
the  '.•.p’w  • ;  hole  in  the  Early  Orange  debris. 

A  thii-'i  possibility,  .i  discussion  of  which  is  beyond  the  scope  of  this  report,  is  the  in¬ 
teraction  between  the  (ii'cbail  plasma  and  the  earth’s  magnetic  field. 

Photographic  .'■ccords  obtained  during  the  Orange  detonation  are  presented  in  Figures 
5.4  through  5.20. 
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Figure  5.1  Aircraft  pcaUions  relative  to  burst,  Shot  Orange. 
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Figure  5.8  Fin^bsU  at  430  msec,  -'^Utioa  830.02, 
35-mm  Fastax  FF-2  camera.  Shot  Oransc. 


r  4  4  a 

Figure  5.9  Fireball  at  595  msec,  Statio.n  S3C.0?., 
»5-mm  Faelax  rF-2  C3ir.?ra,  She*  Orange 
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risure  5.!C  FtreS^il  at  S03  mse.-.  Station  S30.02.  SS-mn)  F  ■ 
FF-2  camera.  Shot  Oranga.  (Kctc  clrcuiar  torus.) 


Fijare  5.11  Ffrcbrll  at  W9  meec.  Static^  830.02,  35-35:n  Fastax 
FF*2  camera.  Shot  OriLi^c.  (Note  c.reular  *orus. ) 
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Figure  5.15  Flrel»ll  *t  2.142  scconcSs.  SUtion  330.02, 
70-mffl  Msurer  M-i  canicra,  Sb'.'  Oraagt*. 


F;gune  5.14  FlrcruAil  at  9.54  8-'ct?ads,  Statios  8^.02 
70~iza  Maurer  M-?  ca-iwra,  Shot  Orange. 


Fijare  5.56  rtrebai!  at  38  74  seccsd*, 
ot^UoA  .130.02,  79-jn!i^  Ma.jrcr  M-7 
camera,  Sbyt  f»rang€ 


Flg«.*e  S.15  Fireball  at  IS  34  seconds. 
Sution  .930.02.  70-rom  Maurtr  M-’ 
.camera.  Shot  Ora.ige 


SECRET 


Figure  5.13  sireaK  recora,  ;”-nun 

Station  830.02  (verlicaUy  m  ■  '>hot  Orange 


station  830.02  Chorliontallv  nountecl).  Shot  Orange. 


Chapter  6 


RECOMMENDATIONS 


6.1  GENERAL 

It  is  highly  r-jcommenc<- '  hat  further  phoiogranimelric  analysis  of  the  three  Iiarctack 
high-alt.tudc  detonations  be  pur.sued.  Rate  of  rise  <  f  the  burst  phenomena,  natui’.'  and 
dimensions  of  the  aurora,  a.nd  the  light  characieristi<  s  of  the  various  phenomena  are 
some  of  the  areas  that  show  promise  of  yielding  u-^ef  Ji  data.  The  Hardtack  high-altitude 
data  and  measurements  from  previous  aerial  tcst.s  should  be  evaluated  in  an  attempt  to 
determine  scaling  laws  and  to  ascertain  partition  of  energy  data. 

For  future  high-altitude  tests,  photogr.iphic  coverage  should  be  considerably  expanded, 
with  emphasis  directed  to  obtaining  better  time  resolution  and  .additional  sigmfiea.nt  piie- 
nomenologica!  data  by  using  more  ea.meras  and  a  wider  variety  of  film  types  ami  lenses. 
The  use  of  stabilized  platforms  for  the  airborne  cameras  and  a  fast  exposure  compe-”.at- 
ing  sysieni  .vould  contribute  .significantly  to  the  imerovcioent  of  detonation  records  .s 
also  highiv  recommended  that  extreme  care  be  exercised  in  obtaining  accurate  air  fl- 
;  ■  "  .  data,  it  seem.s  imperative  to  employ  a  tracking  system  whereby  the  cv  .  -ra.s 

.0  aime.-  at  the  missile  continuously  during  Its  fligii.  Dependence  on  ground-camera.s 
.ci'r  i.s  -uUfol;  at  least  three  aircraft  should  be  used,  os  outline-'!  below. 

6.2  DETONATION  COVERAGE 

^  Jdtticn  to  the  two  aircraft  stations  and  one  ground  station  useu  for  Teak  and  Orange, 
it  is  recommended  that  a  third  aii craft  .station  be  employed  to  permit  a  belter  coverage  of 
event.s  and  a  more  detailed  analysis  of  the  .^eatial  relationships  of  the  varioii.s  phenomena 
recorded.  This  t.hirt.  station  would  also  serve  as  a  backup  to  the  other  two. 

At  least  two  additional  grmind  or  shipboard  stations  a.re  recommended  for  flreba'l  cov¬ 
erage.  One  station  should  be  located  about  J.OOO  miles  from  the  detonation,  ».nd  ih  other 
at  a  cu'  venieiii  distance  belwecii  the  launch  point  pliulo  station  aiid  '.hi:  l,Odn-iiii!e  sta'.i'.'i:. 
For  Shot  Teak,  EG&G  had  a  station  at  Mt.  HaicaJtala  on  the  island  of  Maui,  State  of  Hawaii. 
The  purpoKp  of  the  station  was  to  make  long-range  light  mea®  ■-  ■-r'nis  of  the  high-aiiitude 
detonations.  The  Maul  station  was  approximately  800  nautical  miles  from  the  Teak  deto¬ 
nation  Excellent  gti-mm  color  suU  Itims  of  leak  w^re  recorded  from  ihar  station,  in¬ 
dicating  the  valuable  technical  potential  of  iong-rar.gc  photography  of  extremely  high- 
altitude  detonation  phenomenology  (Reference  5). 

Extensive  cloud  cover  over  more  than  one  ground  station  and/or  any  of  the  aircraft 
stations  siiouid  be  sufficient  reason  for  .shot  postponement. 

High-speed  streak  cameras  capable  of  at  least  0.1  psec  resolution  are  leconimended 
for  complete  coverage  of  the  first  millisecond  of  fireball  growth.  High-speed  framing 
cameras,  capable  of  25,000  frames/sec  or  more,  should  lie  used  to  obtain  discrete  pic¬ 
tures  of  fireball  growth  through  the  first  1.5  psec.  P..?!.*ronic  cameras  should  bt; 
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employed  al  one  ground  station  for  accurate  ea/!y-time  data,  permitting  precise  d>-ler- 
minatlon  of  zero  frame  time  on  motion-picture  film  recordi-.  Hate-of-rise  records 
should  be  obtained  bv  aircraft  cameras  mounted  in  Mirs,  one  aimed  at  the  exp.’cted  det¬ 
onation  point  and  tne  other  aimed  above  i‘.  I  '  J  cloud  rise  •‘•'■yond  the  field  of  view  of 
the  first  camera. 

Cameras  with  extra-wide  fields  of  view  .lic  recommended  for  the  recording  of  sky 
glow  effects  from  the  detonation. 


6.3  AURORAL  CONJUOAT.R:  POINT  COVERAGf 

Photographic  coverage  should  be  provided  for  the  .iiea  of  the  expected  auroral  conju¬ 
gate  point.  At  ieasi  t  'O  airborne  photo  stations  and  two  ground  stations  should  be  instiu- 
mented  for  recording  aurora!  effects  in  the  area.  Coverage  at  the  conjugate  point  would 
include  timed  photographs,  to  document  au re ra  a i  rival  time,  configuration,  and  drift. 

In  addition,  these  stations  could  provide  long-r.tnge  co.^rage  of  the  sky  glow  fron’i  the 
detonation  area. 


6.-1  FILM  PROCESSING 

Facilities  should  be  made  available  to  provide  adequate  control  of  the  processing  of 
all  films  made.  If  such  facilities  cannot  be  provided  in  the  field,  then,  in  the  interest  ol 
prc-iervlng  irreplaceable  photometric  data,  the  films  should  be  transported  ‘ocation 
with  the  necessary  equipment  to  insure  proper  controlled  processing  of  the  .i.ls. 
Vni'or  no  circumstances  should  hand  processing  techniques  be  employed. 
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Appun-Jix  A 

SAMPLE  CAMERA  DA^A  AND  n..M  MEASUREMENTS 
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CAMC^  DATA  S  OALCU>.ATiONS 
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A.  R*/«*‘CBh  cot  «  cot 

$  I-  (Ht  -He)  tin  fi 

*a  0®00‘ 

4=  i2®n'- 

43Sa9  m 

CO,  1.00000 

cot  $*  0.07744 

j  »c-  ^ 

i  CB||»  i32537tn 

0.2IS04 

!  AK“  33S83ia 

C8|(  oos  a  COi0*  iS9S43m 

AH  »i«^«710tm 

- "  -  - 1  — j-  . .  1  — _ 

18^  FOCAL  L(£NGTH  iOt.  S6iga»  (l^a<  S^riiU  No.  B13g7y> 


C.  MA6NIRCATI0N  FACTOR  (mtfm/ln.)  54310 


D.  ZERO  TIME  CORRECHON 


ei 


SECRET 


DIAMETER  MEASUREMENTS 


xKfYt  orange 


FILM  NO  S4303 


Fr.No. 

Ma*.  R, 

Rj  R3 

in. 

I 

avg 

FLEXO'7aiTER 

D,vff  i®)  1 

XXX.  XX 

0000 

18.33  0L02 

0112 

107 

1899.  2 

0.  56 

0001 

0119 

0125 

122 

2165.  5 

1.  13 

0002 

0126 

0130 

129 

2239.  7 

.1.  70 

0003 

0134 

0136 

135 

2395.  2 

2.  27 

0004 

0-38 

014C 

139 

2467.  2 

2.  84 

0005 

Ot^i. 

0144 

143 

2538.  2 

3  41 

0000 

0148 

0153 

151 

2630.  2 

5.  12 

0010 

0153 

0156 

155 

2751.  2 

6.  26 

0012 

0157 

0160 

159 

2822.  2 

7.  40 

0014 

0160 

0164 

162 

2875.4 

8  54 

0016 

01S4 

0167 

166 

2946  4 

S.  68 

0013 

0169 

0171 

170 

3017.  3 

10.  32 

0020 

0170 

0172 

171 

3035.  2 

11.  se 

0025 

0175 

0179 

177 

3141.  7 

14.31 

0030 

0173 

0182 

iSi 

2212.7 

17.  66 

0035 

0135 

0183 

4<s7 

3319.  2 

20.  5 

0040 

0187 

0163 

leo 

337?  4 

23.  3 

0194 

0197 

186 

3472.8 

26.  6 

0050 

OigS 

0199 

l'-< 

1  3496.  ? 

28.  01 

corn- 

0169 

0202 

;  201 

1  3567.7 

31.  3l 

UUt/C 

0201 

OK»5 

203 

1  3503.2 

24.  5J 

006- 

025.2 

0^-7 

203 

1  363S.  t 

37.  61 

0070 

0207 

0203 

208 

3592.0 

40.  42 

0203 

0210 

209 

1  37ce.  7 

43.  3! 

0Q50 

0208 

0212 

211 

i  3745.  .2 

4\?.  Id 

C=085 

0210 

O’ii  S  i 

n  *  •» 

[  3760. 7 

49.01 

00$0 

0312 

9214  1 

213 

\  .3720.  7 

51.  SI 

0095 

0314 

021?  j 

21S 

[  .33.33. 5 

=4.  71 

0100 

CSi6 

S?i«  i 

317  j 

1  3S5I.7 

S7.  5f. 

0110 

0?iS 

0220  1 

1  i 

j  .3857. 2 

53.  ife 

0120 

0213 

0224  1 

j  252  j 

j  3940. 4 

68.  ?6 

0130 

02  24 

0227  1 

! _ 2,^5.  J 

1  5993  7 

74.  ’6 

READ  BY 

R.C.S. 

J.  c. 

TYK2B  BY 

DATE  _ 

2/25.^53 

DATE _ 

REMARKS: 
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DIAMETER  MEASUREMENTS 


shot  orange  film  no  54303 _ 

_ _ _ _ (Pa;.  2) 

i  TELtXOWRITER 


Fr.  No. 

Mag.  Rj 

^2 

in 

Rav, 

XXX.  XX 

t  {ms} 

0140 

19.33  0225 

0230 

228 

4Q46.  9 

79.  96 

0150 

0227 

0231 

229 

4064.  7 

35.  36 

0160 

0228 

0234 

231 

4100.  2 

91.  16 

0170 

0229 

0237 

233 

^  i  j  ^ 

96.76 

0180 

0230 

0240 

235 

4171.  2 

102.  35 

0190 

0232 

0242 

237 

4206.  7 

107.  96 

0200 

0235 

0245 

240 

4259. 9 

313.  56 

0210 

0239 

0247 

24^ 

4313. 2 

119.  14 

0220 

0242 

0246 

244 

4330. 9 

124.76 

0230 

0243 

0248 

246 

4366.  4 

130.  36 

0240 

0247 

0250 

249 

4420.0 

135.  98 

0250 

0249 

0254 

252 

4472.9 

141.  55 

C2S0 

0251 

0252 

252 

4472.9 

147. 16 

0270 

0253 

0256 

255 

4526.  2 

152.  76 

0  280 

0254 

0259 

257 

4561. 7 

15»' 

07.50 

0357 

0262 

260 

4614.  9 

16  .  . 

OiOO 

0260 

0265 

263 

4668.  1 

56 

V  ‘  0 

9263 

0265 

264 

4665.  9 

I7v.  .  I 

0 

0286 

0263 

2  A? 

4739.  1 

100.  £6 

0^'  > 

0270 

0271 

271 

4810. 1 

186.  ce 

0  770 

0274 

772 

4827.9 

191.56 

C3S.. 

02*2 

027? 

275 

4881.  : 

196.96 

036<) 

0275 

v230 

278 

4934. 4 

202.  56 

o:«?o 

0373 

280 

4870.0 

207.  SS 

0.380 

0277 

C286 

282 

5005.  4 

213.  56 

0.380 

0260 

0287 

284 

5040. 9 

218.  96 

0400 

0263 

02.43 

286 

5076.  4 

?24.  56 

0410 

0237 

9250 

238 

5129. 6 

229  96 

0420 

0259 

0282 

291 

5155.  1 

22£. 35 

C430 

0791 

0294 

283 

5200  .  6 

240.76 

04  40 

0291 

0295 

293 

5200.  0 

24o. 16 

OA.'ift 

0.2S3 

0283 

L_2af.. 

'>•>6.  1 

231.  56 

READ  BT. 

R.C.S. 

3.  C. 

TYPED  BY 

date _ _ DATE 


REMARKS: 
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DIAMETER  MEASUREMENTS 


Sftcer  orange. 


FILM  ko__51521 


Xp*gt  3)' 


- 1 

1 

FLEXOVi- 

ITER 

Fr.  No. 

M3«.  K, 

R2 

avg 

Davg  («) 

1  (mi) 

in. 

XXX.  XX 

0460 

19,33  0296 

0298 

297 

5271.6 

256.  96 

04T0 

0297 

0301 

299 

5307.  1 

262.  36 

0480 

0265 

0j02 

30! 

5342.6 

267.76 

04S0 

OHO  2 

0.303 

303 

5378.  1 

273  16 

0500 

0303 

0307 

305 

1  5413.6 

278.  56 

0510 

030^ 

030S 

307 

5449. 1 

233.  96 

0530 

0310 

0313 

312 

5537.  6 

264.  76 

0550 

0312 

0315 

1  314 

5573.4 

305.  56 

0575 

0315 

0321 

318 

5644.  4 

319.06 

06CO 

0317 

0324 

321 

5897.6 

332.  56 

0625 

031S 

0327 

323 

5733.  1 

34.'  64 

0650 

0321 

0330 

325 

5786.4 

359.&6 

0675 

0324 

0333 

329 

5839.  6 

37  2.  36 

0700 

0326 

0335 

331 

5S7S.  1 

2B5.  56 

0725 

0329 

0336 

333 

5610. S 

368.56 

07^0 

0331 

340 

336 

5663. 9 

411.  56 

0775 

0333 

344 

33J 

6017.  : 

♦  24.56 

0334 

348 

342 

6070, 4 

437.  56 

o2S 

0336 

352 

'44 

6105.9 

458.  56 

jO.&O 

0338 

354 

34C 

6141.4 

463.56 

05'.'  0 

U340 

336 

348 

6176.  0 

476.  56 

0900 

0342 

35C 

349 

6164.6 

489.  56 

READ  BY 

R.C.S. 

J  c. 

TYFfiO  BY 

DATE  _ 

2/25/59 

DATE  _ 

REMARKB: 
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SECRET 


CAMERA  DATA  a  CAUCULATICWS 


1  HorjscnUl  Dlain«ter-Tlme 

Film  No.  54151 

!  NAME 
RCS- 

CJK 

DATE 

4/58 

Frame 

O3 

I>3 

D5 

O5 

Time- 

(mm) 

flt.Tl) 

(mm) 

(fclts) 

(mm) 

(Lai! 

(msec) 

0 

3.83 

15.02 

- 

. 

. 

_ 

1 

3.85 

15.  10 

- 

- 

- 

- 

56.9 

2 

3.  S3 

15.42 

- 

- 

- 

- 

99.  7 

3 

4.00 

15.  69 

- 

- 

- 

142.6 

4 

4.05 

15  8S 

- 

- 

- 

183.4 

5 

4.  10 

16.C-1 

- 

- 

- 

- 

3 

4.3.5 

r  06 

- 

• 

- 

- 

356.  S 

10 

4.  53 

i  / .  i'7 

2.  10 

8.  24 

- 

- 

442.6 

12 

4.  63 

18.  16 

2.  2C 

8.  63 

- 

- 

52S.  3 

14 

4.73 

18.  55 

2.40 

9.41 

- 

8X4.0 

16 

4.33 

13.95 

2.  35 

10.00 

- 

699.  S 

18 

5.00 

19.61 

10.20 

- 

7S5.  5 

20 

5.03 

19.  93 

2.80 

10.98 

- 

- 

371.  2 

22 

5.  20 

20.40 

3.  OG 

ii.77 

- 

- 

956.9 

24 

5.  30 

20.  70 

3. 10 

12.  16 

7.85 

1042.6 

26 

5.40 

21.  18 

3. 20 

12.55 

2,  1C 

8.24 

1128.4 

2S 

5.  50 

21.57 

3. 20 

12.  55 

2.  15 

S.  43 

12*  *  f 

SO 

5.  SO 

21.  S7 

3.33 

13.00 

2.2c 

3.63 

13‘  . 

35 

5.  83 

22.87 

3.80 

14.31 

9.  02 

1'  .  .  1 

S.  10 

23.93 

4.  IS 

16.  2B 

2.20 

8.63 

r..  4 

6.  30 

24.71 

4.45 

17.46 

2.40 

S.41 

1942.7 

* 

6.  50 

25.  50 

4.70 

18.44 

2.58 

10.  12 

2157  0 

3 

6.70 

26.  2? 

19.51 

2.85 

11.  IS 

2371.  3 

30 

6.85 

26.  87 

20.  79 

2.95 

11.57 

2385.  6 

55 

7.00 

27.46 

21.97 

3. 10 

12.  16 

2300.  0 

70 

8.  SO 

27.07 

23.  14 

12.75 

3014.  2 

75 

6.9 

27.46 

23.  73 

3.34 

13.  10 

3228.  5 

80 

7.  1 

27.35 

e.  20 

24.32 

3.48 

13.65 

3442.8 

85 

- 

- 

6.40 

25.  10 

3.55 

13.52 

3657.  1 

80 

- 

- 

6.60 

25.89 

3.70 

14.  51 

3871.4 

95 

- 

- 

6.80 

26.  67 

3.80 

14.91 

4C>5.  7 

100 

- 

6.90 

27.07 

3. 85 

15.  10 

4300.0 

105 

- 

- 

6.80 

27.07 

3.  95 

15.49 

4514.3 

liO 

- 

- 

4.05 

15.89 

4723.  6 

115 

- 

- 

~ 

4.19 

iS  08 

4943.0 

•  ^  A 

" 

* 

' 

T.  .  trV 

AC.  **  • 

V  A  t  .  ^  ! 

135 

* 

4.30 

16.87 

5371.5 
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CfijtCRA  DATA  a  CAuiULATlOHS 


FILM  190  M192 

STAHOK  NO  330. Ci 

TEST  leak 

CAiojutTto  ar-ss 

JI0.M  -70x^4 

CQ.  AR 

OATS:  12/3/56 

A  (AtWIN«  KtMTi 


MCffiSWTAi. 

paoacno< 


A.  R */a*CB>  c<^  a  cot  0  •«•  (Hg  -Kc)  stft  ^ 


c* 


OOOO* 


CO%  €  s  •  •  00000 


IT 


26®56- 


cos  0*  o.esi53 


.63ii  m 


He»  S2S1  cs 


1 16933  IT, 


j  sin  a  0.4S2S5 


AH»ST0J3  =1 


C06  9  CGS^a  lOSOSZ  m  j  AM  Sa;^a303£5  m 


R®/a= 


3.  FOCAL  LENCTH  70  5a  r,,n.  5«rUl  No.  4S93032) 


C.  MAGNIFICATION  FACTOR  l^nn/\n)  4353  ■ 


0.  ZERO  TIME  CORf^CTlON 
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Horlionlal  Diametor-Ttme 

TEAK 

Film  No.  S4152 

_ 

NAME 

RCS-CJK 

DATE 

4/58 

Frame 

O3 

^8 

^'5 

Time 

(mm) 

(km) 

(mm) 

(km-. 

(mm) 

(km) 

(msec) 

0 

9.2 

15.3 

- 

- 

- 

50 

1 

17.  5 

4.5 

7.7 

- 

- 

350 

2 

mSM 

18.  0 

5.6 

9.6 

- 

- 

850 

3 

11.7 

20.  1 

8.2 

- 

950 

4 

12.4 

21.  3 

7.2 

12.  3 

4.3 

7.4 

1250 

5 

13.  2 

22.  6 

8.2 

14.  1 

4.5 

7.7 

1550 

6 

13.8 

23 

9,2 

15.8 

5,2 

8,9 

1850 

7 

14.  5 

24.9 

10.0 

17.  1 

5.6 

9.6 

2’50 

8 

15.  1 

25.9 

11.0 

18.9 

5.8 

9.S 

2450 

3 

15.  S 

26.  7 

11.8 

20.  2 

S.  1 

10.5 

2750 

10 

16.2 

27.8 

12.4 

21.  3 

6.4 

11. C 

3050 

11 

29.  1 

13.2 

22.  6 

6.7 

11. 

3350 

12 

17.  5 

30.0 

13.9 

23.8 

S.9 

11.6 

3650 

13 

18.2 

31,  7 

14.6 

25.0 

7.3 

12.5 

3950 

14 

18.8 

32.2 

15.3 

26.  2 

7,5 

12.9 

4250 

15 

10.3 

32.9 

15.9 

27.  3 

7.7 

13.2 

4550 

16 

19.5 

33.  6 

16.  t> 

28.  3 

8.0 

13.7 

45r.r 

17 

- 

- 

’6.8 

23.8 

8.4 

14.4 

515 

• 

- 

- 

- 

- 

8.7 

14.9 

54 ■ 

1 

- 

- 

• 

- 

9.0 

15.4 

575  • 

iO 

9.4 

16.  1 

6050 

_ 

_ 

_ 

6S 
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rarr  fii  m  inAmfra  date  CAMC-A  UaoED  - - DATE  EXPOSED 

REMARKS - 
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PHOTO  IP 
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SECRET 


I 


KtKKHENCES 


!.  “  i  cchnical  Summa!\  of  Mi!i;a'-y  Lffuft:,,  Progra'n-  :  !»  fl’)".  opfr.'i=:or.  I c-apot. 

-  nS3.  Kebri'ary  1960,  Offset-  of  the  Chief  <?f  Staff  for  V.-.-aponi-  Effet•t^  T-.-Nt.-.  Hva-. 
<j^i■l^ter^  Kielc  ComrsiantJ,  D-.-lense  .Atomic  Support  Ageoc-. ,  S.j.Kf-a  pase,  .\U;-jquer{('-i'.-. 
New  Mexiio.  Secret  ffestrset  o  Data. 

2.  K  !I.  Shelton,  “^h  '  -tseaoiegy  of .«  fhgh-Aitn.,  *i-  Atomic  fcapl-^MOn’'.  Sf ‘  -  riSC.'s 
(TR).  .April  155a,  Sa.Kfia  Corporation,  Albu^at-ro-ie,  Nev.  Mexico,  Set  n-t  Rcstru  Sets  Data 

3.  Rocket  Pa.nel  .Atmosphere,  P.-s> steal  Kecic’*.  15S2  sS,  Page  1027. 

i  (jien.n  p.  Elliott  aisJ  others,  "OFeration  of  Missile  Cairier  for  Ver; -iiig.n-.Aitisuo-- 
.S'ucicar  Detonations  (C)",  P reject  9  33.  Operation  li.anllack,  ’.‘.T-ie^T,  I''=9.  I'.s. 

.Army  Bailislir  Missile  Ager.c--,  He<is<one  Arsenal,  .\iabama.  Secret  Re.si-'i.  itci  i/ata, 

5.  C  Champenc,  “Very  Long  Range  Light  .Meat-ure.'ne.-tts’',  Contract  AF  .'’.>i600) - 
36!25.  Report  8*186'i,  Ecgerton  Ger.mei-hausen  i  Grier,  i.-se  ,  Boston,  .\Ia--:--..c hu.sttls. 
S«-crct  III  stricted  Data. 
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DISTRIBUTION 


MiUtary  DitiribuHon  Catfgory  84 


Aj«Y  ACTIVITltt 


1  of  Slttff  foi*  KilitATy  Optratiuoa,  D/a, 
Wa«hlngton  2^,  D.C.  ATTM:  Dir.  of  SriAR 

2  Chl«r  of  lUtMrch  %nd  Dovalopaont,  D/a»  UMhln«ton  2^, 

D.C.  ATTK:  AtoalQ  Dlv. 

3  AifllBt&nt  Chiof  <^f  Staff,  l);talXl(anca,  d/a,  Waihington 

25.  D.C. 

U-  5  orricej  Chlaf  of  Ordnanct,  D/A,  Waahlofton  25,  D.C. 

ATTK;  OICTS 

6  Chlaf  Slftoal  Offioari  D/a,  Haaartrch  and  Davalotoant 

DIt.,  Uaahlafton  25,  D.C.  ARM:  SIORD-U 

7  The  Surgeon  Oenerel,  D/A,  Waehln^jton  25,  D.C.  ATWi  MdfS 
f)..  10  CoaBandlnf  Oenaral,  U.S.  Contlnantal  kri^  Coanaod,  Ft. 

Mor.r^e,  Va. 

11  Director  of  Special  Vc^pona  Developaent  Office,  Kaad> 

quartere  COKAiC,  Ft.  Bllaa,  Tet.  ATTR:  Capt.  Cheater  I. 
Petflraon 

12  Preaident,  U.8.  Axmj  Artillex7  Board,  Ft«  8111,  Okla. 

13  Freeident,  U.8.  Anv  Infantiy  Board,  Ft.  Bennln^,  Oa. 

U  Prealdent,  U.8.  An;r  Air  Dafenee  Board,  Ft.  Bllaa.  Tea. 

C;**?'' ndant,  D.3.  Anaj  fn— iiiiil  4  Oeneral  Staff  Collece, 

)■  Udi«^«nworth,  laAaaa.  ATTNt  ABCSXTKS 
16  (Jtx^-.nde.nt,  U.S.  Arajr  Air  Defence  School,  Ft.  Bllaa, 

Ti-r.  .M*TN:  CooMnd  4  SUff  Oapt. 
y/  Co:*  iiOant,  U.8.  Angr  Areored  School,  Ft.  Cnox,  ly. 

",3  Cocj'vdar.t,  U.S.  Angr  Artiiltry  and  Miaelle  School, 

^’t .  ill,  Okla.  AT7B:  Coobat  Oevalovaont  Deperteent 
! ;  C'vxaar '  nc  General,  Cbealcal  Corpt  Trelalnf  C<Mid.,  Ft. 

—  McC^.  llan,  Ala. 

20  C'natundin^  Officer,  U,  S.  Anqf  Roaaarch  Lab.,  Ft« 

Knox,  Ky. 

*^1  Cu»aandln«  General,  H4D  Goad.,  QH  B4D  Cntr.,  Batlck, 
Maae.  ATn(!  CDS  Liaiaon  Officer 

22  Cooiaandlng  Oeneral,  U.S.  Amy  Chealoal  Corpa,  Beaearcb 

and  Developaent  Goad.,  Vaahitigton  25,  D.C. 

23  Ccmanding  Officer,  Cbcaioal  Varf  ire  Mb.,  Ai:^ 

CxMBical  Center,  Md.  ATIH:  l^ch.  Library 

24  CoBBu-adlng  Officer,  Office  of  Ordnance  Beeearch,  Box 

CM,  lAike  Station,  Durhaa,  Rorth  Carolina 

25  Coomandlng  Officer,  Ploatinuy  Areenal,  Dover,  H.J. 

ATITI;  OREBB-R 

26  Coaaanding  Officer,  Dloaond  Ord.  fuxe  labe.,  Vaahlngton 

25,  D.C.  ATTR:  Chief,  ITuolear  Tulnerablllty  Br.  (230) 

27  Conaandlng  Oeneral,  Aberdeen  Proving  Orounda,  Md.  Ami: 

Di  **ctor,  Balllatiea  Beaearch  laboratory 
2S^  29  Coomandlng  Oeneral,  U.S.  Aray  Ord.  Klaalle  Coaeiand, 
Rodatone  Araenal,  Ala. 

30  Coooandcr,  Amy  Rocket  and  Oulded  Mlaalle  Agency,  Fed- 

■tone  Araenal,  Ala.  ATTN:  Tech  Libraiy 

31  Coauaandlng  Oeneral,  White  Banda  Kiaalla  Range,  N.  Hex, 

Ami  0RDB8-0K-TL 

32  CoHaander,  Amy  Balllatlc  Mlaalle  Agency,  Redstone 

Areenal,  Ala.  ATlBi  ORDAB-ffT 

33  C'-'TOAndlng  Officer,  USA  Signal  RAD  laboratory,  Ft. 

MoruaDath,  R.J. 

34  C'^ueanding  General,  UUA  Coabat  Surveillance  Agency, 

112U  R.  Highland  St.,  Arlington,  Ta. 

?5  Oo—andlng  Officer,  USA,  Signal  MD  Laboratory,  Ft. 
Honcouth,  R.J.  ATTRt  Tech.  Doc.  Ctr.,  Bvana  Area 

36  Director,  Oparatlona  Reaearch  Office,  Johne  bopklna 

Unlvaraltr»  6939’ Arlington  Rd.,  Betheida  Ik,  Md. 

37  Coaanndlng  Geneml,  0.  0.  ORD  Special  Ueapoiia*AMuniti«m 

CciauuMi,  Dover,  R.J. 


MATT  ACiniTllS 

3S~  39  Chief  of  Raval  Oparatlona,  D/R,  Washington  25,  D.C. 

Arm  I  or-otan 

40  Chief  or  Raval  Operatloue,  D/R,  Washington  25,  D.C. 

ATTIi  OP-75 

4i.  Chief  of  Ratal  Oparatlona,  D/I,  Washington  25,  D.C. 

Arm*  QF-qe2oi 

42-  43  Chief  of  Raval  Bsaaareh,  D/R,  Washington  25,  D.C. 

ATTR:  Cods  613 

44-  i>6  Chlsf,  Bureau  of  Raval.  Weapons,  d/n,  Vashingtoi  25,  D.C. 
Anii:  DUO 

47-  51  Chlaf,  Bureau  of  Raval  Waa^ona,  D/R,  Washington  D.C. 
ATTR:  RAAD-25 

52  Chlaf,  Bureau  of  Ordnance,  D/h,  Washington  25,  D.C. 

53  Chief,  Bureau  of  Raval  Weapons,  D/r,  Wsahington  35,  D.C. 

ATTR:  6P-43 

54  Chief,  Bureau  of  Ships,  D/R,  Waahington  25,  D.C. 

Anvi  Code  423 

Chief,  Bureau  of  Turds  and  Docks,  D  •  ixhington  25, 

D.C.  ATRt  D-440 

56  Director,  D.S.  Ruvel  Beseareh  X^iboi  t  '^■7,  Waahingtor. 

25>  D.C.  Am:  Hre.  letherlns  R.  >;*« 

57-  5S  CoBBaodtr,  0.8.  Baval  Ordnance  Lat/rr.tory,  White  Oar, 
Silver  Bprl^  19,  Nd» 

$9  Director,  Material  Lab.  (Code  900),  Rev  lork  Ratal 
BhlpyaH,  Brooklyn  1,  R.7. 

60  OamafWltng  Offleer  and  Dlreetor,  Ravy  Uectronioa 
Uhoretoiy,  Sea  Dleg>  V,  CellF. 

61*  62  Comsandliig  Officer,  0*8.  Bevel  JledlologUal  Defense 
Uboretoiy,  Ban  Freaclsco,  Oallf.  ATlf:  Tech. 

Info*  Dlv. 

63  Coeeendlng  Officer  and  Director,  U.S.  Raval  Civil 
fngtneering  Laboratory,  Port  Bueneee,  Calif. 

ATOI:  Cede  L31 

64  Coeaeading  Officer,  U.S.  Ratal  Schools  CoiMod,  U.S. 

Ratal  Stetlon,  Tmasure  Island,  San  Fmoeisco,  Oallf. 

65  Super intandent,  9.8.  Raval  Postgraduate  Behccl,  Monterey, 

Calif. 

66  Offleer- In-Churge,  U.S.  Rami  School,  CIC  Officers,  U.S. 

Revel  Construction  Bn.  Center,  Port  Huenanc,  Calif. 

67  Cn—eiiStng  Offleer,  Vueleer  Veepons  Training  Center, 

Atlantlo,  U.B.  Rami  Base,  Rorfolk  11,  Fa.  ATTR: 

Ruclaer  Warfare  Dept. 

6S  rn—anding  Officer,  VucleeLr  Weapons  fmtnlng  Center, 
Paclfle,  Rami  Station,  San  Dlesp,  Calif. 

69  Coaeandlng  Offleer,  U.S.  Raval  DiMaga  Control  Tag. 

Center,  Raval  Base,  Philadelphia  12,  Fa.  AITM:  ABC 
Defet^  Ccurse  '' 

70  CcvMaLiing  w  >  '  ** ' ,  Air  Developaent  Squadron  5,  X-5, 

China  Laae,  Calif. 

71  Coaeiandlng  Officer,  Raval  Air  Material  Center,  PhlU- 

delpbla  12,  Pa.  ATTR:  Technical  Data  Br. 

72  CCHMndlJig  Officer  U.B.  Raval  Air  Developaent  Center, 

JohnsvUle.  Pa.  ATTR:  RAB,  Librarian 

73  CaaaandlBg  Offleer,  U.S*  Raval  Medical  Research  Inetltute, 

Rational  Raval  M^lcal  Center,  Bethesda,  Md. 

74  orricer-la<harfs,  tl.S.  Rami  Ripply  Research  ana 

Developaant  Feelitty,  Rami  Bu^ly  Center,  Bayonne, 

R.J. 

Corps,  Waahington  25,  D.C. 

ATTRi  Cods  A03I 

76  Director,  |^iDS  Corps  Lauding  Fores,  Developiaent 

Centnr,  MCS,  Qusnttco,  Ts. 

77  Offloar,  D.ll.  hnl  CIC  a«hobl,  D.«.  Mwl  Atv 
■tntion.  Olyneo,  Brunsviek,  Oa. 

If  16  CU.r,  'Tutmu  of  II.T.1  Wokponi,  M.yy  S^wrUMnt,  Wa.ntn.- 
toa  25,  D.C.  Avnii  mia  * 
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HI 

HA 

'O 

TOD 

101 

102 

10/. 

].05 

10^>rlO'; 

1C:!-112 

113 -lU 
1\5 

U6 

11 7-120 
121-122 
123 


126 

Air  Korce  Tochnlcnl  AfpllnnLlon  Cr?i‘or,  U/JaP, 

2^,  D.  C. 

Hq.  UQAP.  A'mt:  OparsllonH  In  (fflcu*  Offtcf.  *«{<,» 

CliUf  of  litaff,  UaahlnAton  D.  C.  12,’ 

U^.  ua^r,  Waahlr^tcn  ^5,  D.C.  AtWj  APCm-iDl 
Uoputy  ChUf  of  StAffi  Plana  and  Procroaa,  UQ.  UQAF, 

VaahlnfttOD  S’?,  D.C.  ATTMt  War  Plana  Division 
Dlractor  of  Raaaoroh  nnd  Dfvalopnant,  DCtt/D,  W.  UUP, 

Waahincton  2?,  D.C.  ATTN.  Ouldanoa  and  Voapuna  Dlv, 

Tha  Surgoon  Oanaral,  11).  USAP,  WnahlDiton  2?^  D.C. 

ATTN:  Blo.'Daf.  Pr«.  Had.  Division 
Coauondsr,  TaotUal  Air  Ccnuand,  Langlsy  APB,  To.  ATTSI 
Doo.  Saeurlty  Branch 

CoMMLOdar,  Air  Dafansa  Caaaaad,  Xnt  AT?,  Colorado. 

ATTNi  O^rat.lono  Analysi'i  Saetlon,  AD^VA 
Coannndar,  Bq.  Atr  Rasaoroh  and  DaTalotai«.nt  Co—and, 

Andravs  APB,  Uoahlngtoa  2?,  D.C.  ATTMt  XDRWA 
Comftndar,  Air  Poroa  Balllstio  .Hin.illt  Dlv.  B2.  ARDC,  Air 
Poro<»  Dull  Post  Offlca,  los  An^oxor^  t..),  Calif.  ATIH:  VD60T 
Cocaondar,  AP  Canbridga  Rasaaroh  Cautar,  L.  0.  Banseoa 

Plaid,  Ovdford,  Maas.  ATOI:  Ci^8T>2  139 

Ccnvaondar,  Air  Furca  Dpaclal  Uaapona  Cantar,  Xlrtloud  APB, 
AIbuquar<>'\a,  N.  Mav,  AtH.:  Toch.  Inf*:?.  A  intal.  Dlv. 

Diraetor,  Air  Uaivarslty  Library,  Morvall  APB,  Ala. 

CoaBaE.dar,  Lowry  Toohnlcal  Training  Cautar  (TV),  140 

Lowry  APB,  Danvar,  Colorado. 

Corunfindftnt,  School  of  AvJ.atlcn  Madlclna,  USA?  Aerospace  141 

KadlcaJ  Cer;lar  (ATC),  ttrooka  APB,  Tax. 

ATTNt  Gel.  G,  L.  Hakhuia  U2-144 

Coooandar,  Wright  Air  Davaiopaant  Cantar,  Vright-fa^teraon 


lPV-33: 

133 

136 
135-136 

137 
W 


APB,  Daytoo,  Ohio.  ATTN:  WCACT  (Por  WC061) 

Diraetor,  Pro/act  RAND,  TIA*  U3AP  Lialaon  Offtoe, 

'nie  RAND  Corp.,  1700  Main  S'...  Santa  Monica,  Calif. 
Chlaf.  BolliatU  Miaalla  I^arly  Warning  Projact  Office, 
L.  G.  Banacc«  APB,  Bedford,  Mnaa.  ATIM:  Col.  Loo  T. 
3k ‘.mar,  tJSA2 

Coicr.cndo.v,  .\’r  Tychr.lcal  Intalllgnnca  Cantar,  OBaP, 
VrlghX“i'a’' coriwn  ATO,  Ohio.  ATTN*  APCIN-^Bla,  Library 
,  nt  /•’  '^f  of  3t5ff,  Intaillganca,  H).  U8APB,  APO 

oJ,  1*' -  -“A,  N.T.  ATTNj  Dlractorata  of  Air  Thrgata 


145-149 

150-154 

155-164 

165 

166-195 


Coar.ni,ier-ln-Chiaf ,  Pacific  Air  Purcaa,  APO  9?3,  Don 
'/rar.claco,  Calif.  ATrNi  PPCIB-MU,  Base  Itacuvary 

cn3X.  LVAr:'rNT  ok  uwxnob  activitim 

DlrctfU./  '  f  Uafrnaa  Naaaaron  '  d  Englnoaring,  Vaahington  P?, 
.*.C.  A'fTVi  Tach.  Llbraiy 

**  rector,  Waapona  Qyaloaa  Xralualion  Group,  Nooa  IXddO, 

The  Pentagon,  Wachlngtor.  2?,  t'.C, 

Cbiaf,  Dafanov  Atoalc  Supp'.'rt  A^ftney,  Washington  ?5,  D.C. 
ATOft  DocuMnt  Library 

(  Tender,  Plaid  Coaaond,  DABA,  Bondla  Baaa,  Albuquarqua, 

R.  Max. 

Coaaandar,  Piald  Co’esoiy^  DARA,  tfandia  Boaa,  Albjquerqua, 

I.  Max.  ATTMt  IC70 

Cnasandsr,  Plaid  Cooriond,  DABA,  RondU  Boaa,  Albuquarqua, 

N.  Max.  iMTN:  n:vr 

Cc—sndar-lL»Chiaf,  Stvabaglo  Air  Coanond,  Offutt  APB, 

Nab.  ATTN:  OaUB 

U.B.  Doouponta  Of/lcai*,  Offlca  of  tba  Onltad  Stntaa 
Batlohol  Military  Bapra.vantatlva  -  BBAPX.  APO 
Row  York,  B.T. 

3AC(SUP3.1),  Offutt  APD,  IJobp. 

ATOilC  CUS^xBBIOB  ACTIVITINS 

Bdgarton,  Oamaohouaen  and  Orlar,  l60  Df^Ulha  Ave., 
Uoaton  1?,  Maas.  ATIV:  Mr.  Harbart  B.  Orlar 

Xdgarton,  Oanaahouoau  and  Orlar,  Routh  A  Btraat, 
lAs  Tegaa,  Nav.  ATTN:  Mr.  Robert  b.  Fattan 

7.b.  Atoalo  ftiargy  Coanlaalon,  Taehnlcol  Library,  Waahlng* 
ton  2?,  D.C.  ATTN:  Por  WA 

Loa  Aloaoa  Scientific  Laboratory,  Report  Library,  P.O. 

Box  1663,  Los  Aloaoa,  N.  Max.  ATTN:  Helen  Redaon 

dand:«  Cerperation,  Claeslflod  Doeunent  Division,  Sandle 
Base,  Albuquerque,  R.  Max.  ATTN:  H.  J.  Osgrth,  Jr. 

University  of  California  levronca  Radiation  IaV  .  /  ^^ry, 
r.O.  Lwx  608,  Llvemora,  Calif.  ATTN:  Clovi  'V  V-iig 

Office  of  Technical  Infornation  Extension,  Os  - 

Ridge,  Tonn.  (i^tuter) 

Office  of  Technical  Information  Extension,  0.  '-dgo, 

Tenn,  (Surplus) 
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Defense  Nuclear  Agency 

5801  Telegraph  Roaa 
Alexandria.  Virginia  22310-3398 


28  May  1996 


4 


MEMORANDUM  FOR  DEFENSE  TECHNICAL  INFORMATION  CENTER 
ATTENTION:  OCD/Mr.  Bill  Bush 


SUBJECT:  Declassification  of  AD-360632L  (WT-1649). 

i 


The  Defense  Nuclear  Agency  Security  Office  (OPSSI)  has 

declassified  and  approved  for  public  release  the  following 
report : 


« 


AD-360632L  (WT-1649) 


copy  furn:  DAS I AC 


I  i 
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